Pediatric human immunodeficiency virus (HIV) infection and malnutrition are still 2 major health issues in sub-Saharan Africa including Burkina Faso where few studies have been conducted on child malnutrition and HIV infection. This study assessed the effects of antiretroviral therapy (ART) in HIV infection and also compared the prevalence of malnutrition in terms of an inadequate diet, underweight, stunting, and wasting among HIV-infected and uninfected children less than 5 years in Bobo-Dioulasso city, Burkina Faso.
Introduction
Pediatric HIV infection and malnutrition are 2 major health issues in sub-Saharan Africa. [1, 2] In 2015, an estimated 1.8 million children under 15 years were living with HIV, and approximately 90% of these children lived in sub-Saharan Africa. [3] The majority of children were infected with HIV due to the transmission from HIV-infected mothers during pregnancy, delivery, or breastfeeding. [3] In addition to HIV infection in subSaharan Africa, underweight, stunting, and wasting were present among 21 million, 28 million, and 14 million children less than 5 years of age, respectively. [4] HIV infection and malnutrition often coexist in children, and malnutrition is a major problem for HIV-infected children. [5, 6] The risk for malnutrition was significantly higher in HIV-infected children than in HIV-uninfected children. [7] Malnutrition also increased the frequency and severity of infection and delayed recovery from disease. [4, 8] The previous studies showed that HIV infection was associated with increased undernutrition among children. [6, [9] [10] [11] In Burkina Faso, although the Program for the Prevention of Mother-to-Child Transmission of HIV has been implemented since 2002, HIV/AIDS is still accounted for 4% of deaths in Editor: Giovanni Tarantino.
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children. [12] In 2015, an estimated 7700 children aged 0 to 14 years were living with HIV. [13] Out of 7700 HIV-infected children, 2293 (30%) children were on antiretroviral therapy (ART) including 291 (4%) registered at a teaching hospital in Bobo-Dioulasso. More than half of children (167, 57%) among these 291 children were less than 5 years of age, and almost all presented moderate or severe acute malnutrition. [14] Although there is no cure for HIV infection, effective ART can control the virus and help prevent transmission. Early initiation of ART was associated with decreased opportunistic infections and HIV loads, which lead to a positive health status with prolonged life, especially in younger children. [2, 7] Several studies have been conducted on child malnutrition in Burkina Faso, but these studies have not compared the impact of malnutrition among HIV-infected children and uninfected children less than 5 years of age. Two national health and nutrition surveys were conducted in 2010 and 2015, but these 2 surveys did not include nutritional status in HIV-infected children. The Demographics Health survey (DHS) in 2010 and the national nutrition surveys in 2015 demonstrated that 26% versus 24%, 35% versus 37%, and 16% versus 10% of children less than 5 years of age suffered from underweight, stunting, and wasting, respectively, in Burkina Faso. [14, 15] The previous studies have mainly focused on the prevalence or risk factors of malnutrition among children in different parts of Burkina Faso. [14] [15] [16] [17] [18] [19] Only a few studies assessed the effects of HIV infection on mortality and nutritional status with or without supplement among undernourished children in Burkina Faso. [20, 21] Therefore, the objective of this study investigated the effects of HIV infection on malnutrition in terms of inadequate dietary intake, underweight, stunting, and wasting among children less than 5 years of age in Bobo Dioulasso city, Burkina Faso.
Methods

Study design
This was a case-control study matching for age and sex of HIVinfected and uninfected children less than 5 years of age. Independent variables including age of the child (in months), sex of the child, maternal education, religion and marital status, family income, percentage of income spent on foods, information provided to mother regarding child nutrition or care, food security, water source, child feeding practices, and child health status were investigated. Dependent variables including dietary intake score, underweight or weight-for-age (WAZ), stunting or height-for-age (HAZ), and wasting or weight-for-height (WHZ) were determined.
Study setting and participants
This study was carried out at 1 teaching hospital and 2 health districts [14] in Bobo Dioulasso city in Burkina Faso. At the end of 2014, the number of HIV-infected children less than 5 years of age was 172 at Souro Sanou Teaching Hospital. A total of 164 HIV-infected children aged 12 to 58 months as the case group were recruited at Souro Sanou Teaching Hospital from July to September 2014, and 164 HIV-uninfected children extracted form 426 HIV-uninfected children aged 12 to 59 months as the control group were recruited at 2 health districts Dafra and Do in Bobo Dioulasso City from July to September 2015. This study minimized the selection biases by using matching methods and recruiting the subjects from the same geographic area, Bobo Dioulasso City in Burkina Faso. The control group was matched 1:1 for age (±1 month) and sex with the HIV-infected children. There were 48% (n = 156) aged from 12 to 24 months and 52% (n = 172) aged from 25 to 58 months among 328 children less than 5 years of age. The participants were 52% (n = 170) female and 48% (n = 158) male.
Ethical considerations
This study used the data from 2 previous studies related to malnutrition among HIV-infected and uninfected children less 
Data collection and measurements
The demographic information and measurements were collected from July to September 2014 and from July to September 2015, respectively, in HIV-infected and uninfected children. The questionnaires as the research instrument developed by Sunguya et al [11] were adapted and administered in this study, and completed by the mothers. Child anthropometric data such as body weight, height, and mid-upper arm circumference (MUAC) were measured.
Dietary intake in the past month was determined by food frequency questionnaire that was completed by the mothers. In food frequency questionnaire, 7 categories of food groups were cereal grains (millet or maize, rice, and wheat products), root vegetables (Irish potato, sweet potato, and yam), legumes (beans and peanuts), vegetables (green leafy vegetables, tomato, pumpkin, carrot, and onion), fruits (orange, mango, papaya, banana, pineapple, and avocado), dairy products (milk and cream), and animal products (meat, pork, poultry, fish, and eggs). To quantify dietary intake in children, a score from 0 to 5 was given for each food item in 7 food categories according to intake frequency; 0 indicates never or less than 1 day per month, 1 indicates 1 to 3 days per month, 2 indicates 1 day per week, 3 indicates 2 to 4 days per week, 4 indicates 5 to 6 days per week, and 5 indicates 7 days per week. The total score for each food category was determined by the sum of scores of the corresponding food items. The maximum total scores for cereal grains, root vegetables, legumes, vegetables, fruits, dairy products, and animal products were 15, 15, 10, 25, 30, 10, and 25, respectively. The sum score of all 7 food categories ranged from 0 to 130, and the cutoff point was 65 in this study. A score above or below 65 was defined as adequate or inadequate dietary intake, respectively.
The anthropometric data including body weight, height, and MUAC were measured in kilograms (to the nearest 100 g) by using an electronic digital scale (Seca model 770; Seca, Hamburg, Germany), a stadiometer with a precision of 0.1 cm, and an anthropometric tape (to the nearest centimeter), respectively. The height of children less than 2 years of age was measured in a recumbent position. [22] Body mass index (BMI) was calculated by the formula: body weight (kg)/height 2 (m 2 ). WHO Anthro3.2.2 software [23] was used to calculate weightfor-age Z (WAZ), height-for-age Z (HAZ), and weight-forheight Z (WHZ) scores, and the prevalence of malnutrition in terms of underweight, stunting, and wasting were determined. As compared with the WHO standard, WAZ, HAZ, and WHZ scores below -1 standard deviation (SD), below -2, and below -3 SD were defined as mild, moderate, and severe underweight, stunting, and wasting, respectively. The definitions from UNICEF-WHO-World Bank only included the subjects with moderate and severe underweight, stunting, and wasting. [24] In addition, more information such as ART and the immunological marker (CD4 cell counts) were collected among HIVinfected children.
Statistical analysis
The data were analyzed by SPSS 21 version (SPSS Inc., Chicago, IL) and WHO Anthro 3.2.2 version (WHO, Geneva, Switzerland). Shapiro-Wilk test was performed for the normality of anthropometric data and dietary intake. Nonparametric tests were used to analyze the data due to the normality test with P values greater than 0.05 for all of the variables. Chi-square test was used to describe the distribution between HIV-infected and uninfected children. Mann-Whitney U test was used to compare the median between the 2 groups. Logistic regression test was performed to assess the risk factors of malnutrition. Differences were considered statistically significant at P values less than .05.
Results
Characteristics of the subjects
The characteristics of the children and their mothers are summarized in Table 1 . Among 328 subjects, more than 60% of mothers were Muslim (68%), married (70%), educated (77%), and received information on child nutrition and care (61%). The majority of the family (69%) had monthly income less than or equal to 100,000 CFA franc (approximately USD171); however, 62% of family spent 60% to 90% of income on foods. There were 58% of family under food insecurity and 60% of family with piped drinking water. There were 27% of children still under breastfeeding during the data collection phase and 54% of children breastfed for 18 to 24 months. In terms of health status, 73% of children were under fair or poor health status, and 62% of children had vitamin A supplement in the past 6 months.
A higher proportion of HIV-infected children's mothers than uninfected children's mothers were Christian (46% vs 18%, P < .001), unmarried (38% vs 21%, P < .001), and without educated (32% vs 14%, P = .02). A higher proportion of HIVinfected children than uninfected children had family income spent on foods with 60% to 90% (88% vs 37%, P < .001). However, a lower proportion of HIV-infected children than uninfected children had food security (32% vs 52%, P < .001) and drank piped water (41% vs 79%, P < .001). A lower proportion of HIV-infected children than uninfected children were still under breastfeeding (15% vs 38%, P < .001), with weaning age at 7 to 9 months (5% vs 31%, P < .001), ate 4 to 7 meals yesterday (21% vs 77%, P < .001), and had vitamin A supplement in the past 6 months (48% vs 77%, P < .001). However, a higher proportion of HIV-infected children than uninfected children were hospitalized in the past 6 months (54% vs 17%, P < .001), and had fair or poor health status (96% vs 51%, P < .001).
Among 164 HIV-Infected children less than 5 years of age, 59% were on ART initiation during data collection (Table 2) . More children on ART were never hospitalized in the past 6 months compared with those without ART (56% vs 31%, P = .002). Similarly, more children on ART had fair or good health status compared with those without ART (90% vs 60%, P < .001). In addition, the children on ART had greater CD4 cell counts (1164 vs 1004 cells/mL, P = .04) and higher WAZ (-2.0 vs -2.7, P = .01) and WHZ scores (-1.6 vs -2.0, P = .03) than those without ART. Table 1 Characteristics of HIV-infected and uninfected children less than 5 years of age and their mothers.
HIV infection Characteristics
No (n = 164) n (%) Yes (n = 164) n (%) Total (n = 328) n (%) P * 
Information of mothers and household
Prevalence of malnutrition
The prevalence of inadequate diet, underweight, stunting, and wasting was 92%, 56%, 63%, and 45%, respectively, among 328 children (Table 3) . A higher proportion of HIV-infected children than uninfected children had an inadequate diet (100% vs 84%, P < .001), were underweight (77% vs 35%, P < .001) and wasting (63% vs 26%, P = .001). Nearly onethird HIV-infected children had severe underweight (31%) or severe wasting (29%); however, no more than 5% of HIVuninfected children had severe underweight (5%) or severe wasting (4%).
Comparison of dietary intake and anthropometric measures
Compared with HIV-uninfected children, HIV-infected children less than 5 years of age had lower median dietary intake score (51.0 vs 32.0, P < .001), body weight (12.0 vs 9.2 kg, P < .001), MUAC (13.7 vs 12.5 cm, P < .001), BMI (17.6 vs 14.0 kg/m 2 , P < .001), WAZ (-0.6 vs -2.3, P < .001), and HAZ (0.01 vs -1.72, P < .001) ( Table 4) .
Association between HIV infection and nutritional status
The adjusted odds ratios (AORs) of inadequate dietary intake, underweight, stunting, and wasting in HIV-infected children are summarized in Table 5 . Compared with HIV-uninfected children, HIV-infected children had a higher risk for having inadequate dietary intake [AOR = 2.17, 95% confidence intervals (95% CIs) 1.17-3.62, P = .04]. In terms of anthropometric indicators, HIVinfected children were more likely of being underweight (AOR = 10.24, 95% CI 4.34-24.17, P < .001) and wasting (AOR = 5.57, 95% CI 2.49-12.46, P < .001) than HIV-uninfected children. However, stunting was not significantly associated with HIV infection (AOR = 1.26, 95% CI 0.59-2.82, P = .51).
Discussion
To our knowledge, this is the first study that has used dietary intake and anthropometric indicators to assess the nutritional status among HIV-infected and uninfected children in Burkina Faso. This study revealed a higher prevalence of malnutrition in terms of underweight and wasting in HIV-infected children and Table 3 Prevalence of malnutrition in HIV-infected and uninfected children less than 5 years of age in terms of inadequate dietary intake, underweight, stunting, and wasting.
HIV infection Malnutrition
No (n = 164) n (%) Yes (n = 164) n (%) Total (n = 328) n (%) (29) 53 (16) Data are presented as percentages. HAZ = height-for-age Z score, WAZ = weight-for-age Z score, WHZ = weight-for-height Z score. *
The P values were obtained by Chi-square test. Data are expressed as median (IQR = first quartile, third quartile) for non-normally distributed continuous variables. HAZ = height-for-age Z score, IQR = interquartile range, WAZ = weight-for-age Z score, WHZ = weight-for-height Z score. *
The P values were obtained by Chi-square test for categorical data and Mann-Whitney U test for continuous data.
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brought more evidence about the relationship between malnutrition and HIV infection. Consistently, the previous study reported that HIV-infected children were under poorer nutritional status in terms of anthropometric measures compared with age-and sex-matched HIV-uninfected children in Nigeria. [25] This study showed that anthropometric measures such as body weight, MUAC, and BMI were significantly lower in HIV-infected children than in HIV-uninfected children, suggesting that HIVinfected children need greater nutritional support. [7, 26] This study also found poor dietary intake in HIV-infected children, which may be associated with a higher proportion of being underweight and wasting in HIV-infected children than in HIV-uninfected children. Similarly, the previous studies revealed that malnutrition was more prevalent in HIV-infected children than HIVuninfected children. [27] [28] [29] [30] [31] A previous study confirmed that growth retardation and the deterioration of nutritional status in children were associated with HIV infection. [32] The previous studies in South Africa and Tanzania demonstrated that HIV infection was associated with an increased burden of child underweight and wasting, [33] even among ART-treated children. [11] Infection with HIV causes immune impairment and further leads to malnutrition that could contribute to increased mortality in children. [5, 34] In this study, 59% of HIV-infected children were on ART, which were higher than the rate of 24% in the world in 2014. [2] The possible reasons for the remaining 41% not on ART could be newly diagnosis of HIV infection, shortage of ART, and inadequate or lack of medical human resources to provide ART to HIV-infected children. The findings of this study also showed that HIV-infected children on ART had greater CD4 counts and were less likely of being underweight and wasted, which contributing to better health status and less hospitalization. Consistent with the previous studies, ART exerted a favorable effect on growth [2, 6, 32] and immune functions. [35] HIV infection and malnutrition may interact in complex ways that result in high vulnerability to infection and worse health status. The previous studies reported that food insecurity in HIVpositive households, greater nutritional needs, and coinfections such as gastroenteritis or pneumonia were the major contributing factors of malnutrition in children. [7, 28, 36] Although this study did not perform clinical assessment, most of the HIV-infected children experienced malnutrition and poor health status, which were consistent with the results of the frequency of hospitalization in HIV-infected children. This situation could be solved by early diagnosis, treatment, and care with nutritional support to improve the nutritional status of HIV-infected children. [1, 28] Dietary intake and anthropometric data were simultaneously used to assess nutritional status in this study instead of using only anthropometric measures that are often practiced in many developing countries. In addition, WHO Anthro3.2.2 was used to analyze anthropometric data and this study determined the prevalence of malnutrition by using WAZ, HAZ, and WHZ scores below -1, -2, or -3 SD to define mild, moderate, or severe underweight, stunting, and wasting, respectively. Whereas the previous studies investigated malnutrition in children by only covering moderate and severe underweight, stunting, and wasting using UNICEF-WHO-World Bank report and National Nutrition survey in Burkina Faso. [6, 11, 17, 24] Child nutrition assessment usually includes anthropometric, biochemical, clinical, and dietary assessment. However, this study did not include biochemical data and clinical examination to compare malnutrition between HIV-infected and uninfected children.
The findings of this study confirm that malnutrition is more common in HIV-infected children than in HIV-uninfected Table 4 Comparison of dietary intake and anthropometric measures between HIV-infected and uninfected children less than 5 years of age. Data are expressed as median (IQR = first quartile, third quartile) for non-normally distributed continuous variables. BMI = body mass index, HAZ = height-for-age Z score, IQR = interquartile range, MUAC = mid-upper arm circumference, WAZ = weight-for-age Z score, WHZ = weight-for-height Z score. *
The P values were obtained by Mann-Whitney U test. Table 5 HIV infection associated with malnutrition in terms of inadequate dietary intake, underweight, stunting, and wasting in children less than 5 years of age. children. HIV-infected children have significantly higher risk of having inadequate dietary intake, being underweight and wasting. However, ART was associated with improved outcomes in HIV-infected children. The early screening of malnutrition and more nutrition intervention should be involved for pediatric HIV management.
